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Groundwater Primer – Part 1 
General Groundwater 
Concepts, Planning and 
Management 
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GENERAL GROUNDWATER CONCEPTS 
+

Hydrologic Cycle 
677+'()*"+#%+)8*+9$":(;*+#:+)8*+*(")8+(%&+$%&*"<"#$%&+("*+=(")+#:+)8*+8>&"#7#<-;+;>;7*+?@-<$"*+
0AB+&"-1*%+C>+%()$"(7+="#;*99*9+)8()+;#%9)(%)7>+)"(%9:#".+'()*"+:"#.+7-D$-&+)#+9#7-&+#"+1(=#"+
(%&+C(;E+)#+7-D$-&+'8-7*+.#1-%<+-)+:"#.+=7(;*+)#+=7(;*F+
+
G()*"+*1(=#"()*9+:"#.+=#%&9B+7(E*9B+#;*(%9B+"*9*"1#-"9B+(%&+9#-79F+,7(%)9+)(E*+'()*"+:"#.+)8*+
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;7#$&9+)8()+*1*%)$(77>+;#%&*%9*+(%&+"*)$"%+)#+)8*+*(")8I9+9$":(;*+(9+="*;-=-)()-#%+9$;8+(9+:#<B+
"(-%B+97**)B+#"+9%#'F++
+
J$"-%<+9)#".9B+'()*"+"$%9+#::+)8*+
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&-9;8("<*+()+9**=9+#"+9="-%<9B+#"+
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#;*(%9B+#"+'*779F+K%+("-&+("*(9+(%&+
&$"-%<+)8*+9$..*"B+="*;-=-)()-#%+
.(>+:-"9)+-%:-7)"()*+-%)#+)8*+
<"#$%&B+C$)+.$;8+#:+-)+D$-;E7>+
"*)$"%9+)#+)8*+;>;7*+)8"#$<8+
*1(=#)"(%9=-"()-#%F++
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What Is Groundwater? 
+
G()*"+-%:-7)"()*9+(%&+;#77*;)9+
$%&*"<"#$%&B+(%&+-9+8*7&+-%+(%+$==*"+
$%9()$"()*&+T#%*+(%&+(+7#'*"+
9()$"()*&+?U<"#$%&'()*"VA+T#%*+
?@-<$"*+4AF++
+
H8*+)59%&)C%&'$!D15'!-9+7#;()*&+
-..*&-()*7>+C*%*()8+)8*+7(%&+9$":(;*+
(%&+(C#1*+)8*+'()*"+)(C7*B+(%&+)8*+
T#%*I9+=#"*+9=(;*9+;#%)(-%+C#)8+(-"+
(%&+'()*"F+@#";*9+*W*")*&+C>+9#-7+(%&+
"#;E+9$":(;*9+C-%&+'()*"+&"#=9+#"+
:-7.9+-%+)8*+=#"*+9=(;*9F++6+'*77+
&"-77*&+-%)#+)8*+$%9()$"()*&+T#%*+'-77+
%#)+="#&$;*+'()*"+C*;($9*+)8*+'()*"+
&"#=9+#"+:-7.9+())(;8+)##+)-<8)7>+)#+)8*+
9$":(;*9+)#+C*+=$.=*&F++
+
K%+)8*+9%&)C%&'$!D15'+(77+)8*+#=*%+
9=(;*9+("*+:-77*&+'-)8+<"#$%&'()*"F+
H8*+)#=+#:+)8*+9()$"()*&+T#%*+-9+;(77*&+
)8*+'()*"+)(C7*F!EF'!9%&)C%&'$!D15'!
9)##*8'9!2%&'C!&1!2'**9G++R-E*+9$":(;*+
'()*"B+<"#$%&'()*"+:7#'9+:"#.+8-<8*"+
)#+7#'*"+7*1*79B+$%&*"+)8*+-%:7$*%;*+#:+
<"(1-)>+?@-<$"*+5AF+H8*+="*99$"*+#"+
*7*1()-#%+&-::*"*%;*+C*)'**%+8-<8*"+
(%&+7#'*"+7*1*79+-9+;(77*&+)8*+8>&"($7-;+
8*(&F++
+
 

Finding Groundwater  
 

+
X*&-.*%)+(%&+"#;E+;8("(;)*"-9)-;9+&*)*".-%*+'8*"*+<"#$%&'()*"+.(>+C*+)(==*&+:#"+8$.(%+
$9*F+G*779+="#&$;*+'()*"+:"#.+)'#+<*%*"(7+)>=*9+#:+<*#7#<-;+.()*"-(79L++
+
+

+3'$8>'5&9L+X*&-.*%)9+("*+.(&*+$=+#:+<"(1*7B+9(%&B+9-7)+(%&+;7(>F+N#("9*+<"(1*7+(%&+
9(%&+9*&-.*%)+-%+(%&+%*("+9)"*(.+;8(%%*79+)*%&+)#+8(1*+(C$%&(%)B+7("<*+-%)*";#%%*;)*&+
=#"*+9=(;*9+C*)'**%+<"(-%9+)8()+(77#'+<"#$%&'()*"+)#+"*(&-7>+:7#'F+@-%*+9-7)Y+(%&+;7(>+
9*&-.*%)9+)*%&+)#+8(1*+9.(77+=#"*+9=(;*9+)8()+("*+%#)+'*77+-%)*";#%%*;)*&B+'-)8+9.(77+
<"(-%+9-T*9+)8()+8(1*+7("<*+9$":(;*+("*(9+;($9-%<+-%;"*(9*&+:"-;)-#%+)8()+-.=*&*9+'()*"+
:7#'F+
+
+H'$C1AIL+Z*&"#;E+-9+(+<*%*"(7+)*".+:#"+9#7-&+"#;EB+9$;8+(9+<"(%-)*+#"+9(%&9)#%*+)8()+7-*9+
C*%*()8+9#-7+(%&+9*&-.*%)9F+K%+C*&"#;EB+.#9)+#:+)8*+'()*"+-9+8*7&+(%&+:7#'9+)8"#$<8+
:"(;)$"*9+-%+)8*+"#;EF++

@-<$"*+4L +X;8*.()-; +98#'-%<+)8*+$%9()$"()*&+(%&+
9()$"()*&+T#%*9B +(%&+)8* +#;;$""*%;*+#:+<"#$%&'()*"+ -%+
=#"#$9+.*&-( +?"-<8) +C#))#.+Y +(7 7$1-( 7+9(%&9+(%&+
<"(1*79AB +(%&+:"(;)$"*&+8("&+"#;E+?7*:)+C#))#.AF +
@"(;)$"*9+-%+8("&+"#;E+)>=-;(7 7>+"(%<* +:"#.+(+ :*'+
.-77-.*)*"9+)#+.#"* +)8(%+(+;*%)-.*)*" F +
!
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+
H8*+(.#$%)+#:+(1(-7(C7*+<"#$%&'()*"+&*=*%&9+#%+=#"#9-)>+(%&+=*".*(C-7-)>F+!"#$%&'()*"+
.#1*9+)8"#$<8+)8*+#=*%+=#"*+9=(;*9+C*)'**%+9*&-.*%)+<"(-%9F+H8*+=#"#9-)>+#:+)8*+9*&-.*%)+#"+
9*&-.*%)(">+"#;E+-9+)8*+1#7$.*+#:+=#"*+9=(;*9+&-1-&*&+C>+)8*+)#)(7+1#7$.*+#:+"#;EB+$9$(77>+
*W="*99*&+(9+=*";*%)+=#"#9-)>F++

H8*+=*".*(C-7-)>B+(79#+;(77*&+8>&"($7-;+;#%&$;)-1-)>B+#:+)8*+=#"#$9+9*&-.*%)+#"+"#;E+.*(9$"*9+
)8*+(C-7-)>+#:+'()*"+)#+.#1*+)8"#$<8+)8*+.()*"-(7F+,*".*(C-7-)>+&*=*%&9+#%+.(%>+:(;)#"9B+
-%;7$&-%<+=#"#9-)>B+<"(-%+9-T*+(%&+&-9)"-C$)-#%B+(%&+<"(-%+98(=*+(%&+(""(%<*.*%)F++67)8#$<8+;7(>+
-9+;#%9-&*"*&+)#+8(1*+(+8-<8+=#"#9-)>+(%&+'()*"+8#7&-%<+;(=(;-)>B+-)9+=*".*(C-7-)>+-9+1*">+7#'+
&$*+)#+)8*+7(;E+#:+;#%%*;)-#%+C*)'**%+=#"*+9=(;*9F+K%+;#%)"(9)B+<"(1*79+8(1*+C#)8+(+8-<8+
=#"#9-)>+(%&+=*".*(C-7-)>B+(9+-)+)>=-;(77>+;#%)(-%9+#=*%+(%&+;#%%*;)*&+=#"*+9=(;*9F+
+

H8*"*+("*+.(%>+&-::*"*%)+)>=*9+#:+
"#;EB+(%&+=#"#9-)>+;(%+:#".+-%+(+
1("-*)>+#:+'(>9F+Z*&"#;EB+9$;8+(9+
<"(%-)*B+8(9+=#"#9-)>+-%+)8*+:"(;)$"*9+
)8()+:#".+#1*"+)-.*F+[#7;(%-;+"#;E9+
;(%+8(1*+=#"#9-)>+:"#.+8#7*9+-%+)8*+
"#;E+(%&+(79#+:"(;)$"*9F+@"(;)$"*9+
#;;$"+:"#.+)8*+1(">-%<+9)"*99*9+
'-)8-%+)8*+*(")8+#"+:"#.+'*()8*"-%<+
="#;*99*9+()+)8*+*(")8I9+9$":(;*F+
+
@"(;)$"*9+("*+<*%*"(77>+D$-)*+9.(77B+
#%+)8*+#"&*"+#:+(+:*'+.-77-.*)*"9+)#+
.#"*+)8(%+(+;*%)-.*)*"+'-&*B+C$)+
1(">+9-<%-:-;(%)7>+()+7#;(7+(%&+
"*<-#%(7+9;(7*9B+(%&+*1*%+#%+)8*+
9;(7*+#:+(+'*77+9-)*F+G8-7*+*W;*=)-#%9+
*W-9)B+)8*+>-*7&+:"#.+'*779+-%+
:"(;)$"*&+C*&"#;E+-9+<*%*"(77>+.$;8+
7#'*"+)8(%+>-*7&9+:"#.+'*779+-%+
9*&-.*%)9F+
+

 
Aquifers+
+
6%+(D$-:*"+-9+(+9()$"()*&+T#%*+#:+9*&-.*%)+#"+"#;E+'-)8+8-<8+*%#$<8+=*".*(C-7-)>+)#+)"(%9.-)+
<"#$%&'()*"B+>-*7&-%<+*;#%#.-;(77>+9-<%-:-;(%)+D$(%)-)-*9+#:+'()*"+)#+'*779+(%&+9="-%<9F+
!"#$%&'()*"+9)#"*&+-%+(D$-:*"9+;(%+C*+=$.=*&+)#+)8*+9$":(;*+)8"#$<8+'*779+)#+9$==7>+'()*"+:#"+
(<"-;$7)$"*B+8#.*9+(%&+;-)-*9F+
+
X()$"()*&+9*&-.*%)9+(%&+"#;E9+("*+;(77*&+(D$-:*"9+'8*%+)8*>+("*+=*".*(C7*+*%#$<8+)#+)"(%9.-)+
'()*"+9$::-;-*%)+)#+9$==7>+(+"*9-&*%;*B+:(".B+)#'%B+#"+;-)>F+6D$-:*"9+("*+;#.=7*W+*%1-"#%.*%)9+
)8()+;(%+C*+8-<87>+1("-(C7*+-%+;#.=#9-)-#%+(%&+8#'+)8*>+-%:7$*%;*+)8*+&-"*;)-#%+#:+<"#$%&'()*"+
:7#'+(%&+(::*;)+)8*+'()*"+D$(7-)>F++

@-<$"*+5L +\*;8("<*+#:+<"#$%&'()*"B +<"#$%&'()*" + :7#'+
(%&+ -%)*";#%%*;)-#%+#:+9$":(;* +'()*"B +98#'-%<+'*779+
;#.=7*)*&+-%+$%;#%:-%*&+(%&+;#%:-%*&+(D$-:*"9 F+
+
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++
G8-7*+(D$-:*"9+.(>+C*+)8#$<8)+#:+(9+
$%&*"<"#$%&+"*9*"1#-"9B+9)#"-%<+'()*"+
$%&*"<"#$%&+-9+.#"*+;#.=7*W+)8(%+-%+(+
9$":(;*+"*9*"1#-"F+6%+(D$-:*"+-9+9#.*)8-%<+
7-E*+(+9=#%<*B+C$)+.(&*+#:+1("-#$9+"#;E+
.()*"-(79+'-)8+1("-#$97>Y9-T*&+#=*%+9=(;*9F+
H8*+'()*"+9$":(;*+(%&+:7#'+=())*"%9+'-)8-%+
(D$-:*"+.()*"-(7+("*+%#)+1-9-C7*+:"#.+)8*+
9$":(;*B+(%&+<"#$%&'()*"+"*9*"1#-"9+)(E*+
.$;8+7#%<*"+)#+:-77+(%&+*W)"(;)+'()*"+:"#.+
)8(%+(+9$":(;*+'()*"+"*9*"1#-"F++
++
6D$-:*"9+;(%+C*+*-)8*"+$%;#%:-%*&+#"+
;#%:-%*&+?$%&*"+="*99$"*AF++@-<$"*+]+
-77$9)"()*9+)8*+&-::*"*%;*+C*)'**%+(%+
$%;#%:-%*&+(D$-:*"+(%&+(+;#%:-%*&+(D$-:*"+
C#)8+#:+'8-;8+#;;$"+C*7#'+)8*+$%9()$"()*&+
T#%*+-%+)8*+9()$"()*&+T#%*F++^%;#%:-%*&+
(D$-:*"9+("*+#=*%+)#+)8*+().#9=8*"*+(%&+
("*+C#$%&*&+()+)8*+)#=+C>+)8*+'()*"+)(C7*B+
'8-;8+:#".9+)8*+)"(%9-)-#%+C*)'**%+)8*+
$%9()$"()*&+(%&+9()$"()*&+T#%*9F+N#%:-%*&+
(D$-:*"9+("*+)>=-;(77>+:#$%&+C*%*()8+
$%;#%:-%*&+(D$-:*"9+(%&+("*+9*=("()*&+C>+
7#'+=*".*(C-7-)>+9-7)+#"+;7(>+;#%:-%-%<+
7(>*"9+?#"+(D$-)("&9AF++
+
+

!"#$%&'()*"+="*99$"*+1("-*9+&*=*%&-%<+#%+
)8*+(D$-:*"F+H8*+<"#$%&'()*"+7*1*7+-%+(+'*77+
;#.=7*)*&+-%+(%+$%;#%:-%*&+(D$-:*"+'-77+C*+
)8*+9(.*+(9+)8*+'()*"+)(C7*+?'*779+J+(%&+OA+
(%&B+7-E*+9$":(;*+'()*"B+'-77+C*+()+
().#9=8*"-;+="*99$"*F++
+
H8*+<"#$%&'()*"+-%+(+;#%:-%*&+(D$-:*"+-9+
$%&*"+(+="*99$"*+<"*()*"+)8(%+().#9=8*"-;+
="*99$"*F+G8*%+(+'*77+=*%*)"()*9+)8*+7(>*"+
)8()+;#%:-%*9+)8*+(D$-:*"B+)8*+'()*"+'-77+"-9*+
-%+)8*+'*77+)#+)8*+=#)*%)-#.*)"-;+9$":(;*+
7*1*7+#:+)8*+;#%:-%*&+(D$-:*"+?'*779+6B+Z+(%&+
NAF+H8*+=#)*%)-#.*)"-;+9$":(;*+-9+
&*)*".-%*&+C>+)8*+;#%:-%*&+(D$-:*"I9+
8-<8*9)+*7*1()-#%F+
+
G8*"*+)8*"*+-9+9$C9)(%)-(7+"(-%:(77B+)8*+
'()*"+)(C7*+<*%*"(77>+.-.-;9+(+97-<8)7>+
:7())*%*&+#$)7-%*+#:+)8*+7(%&+9$":(;*F+K%+("-&+
T#%*9+)8*+'()*"+)(C7*+-9+.$;8+:7())*"+(%&+
:"*D$*%)7>+.$;8+&**=*"+)8(%+-%+.#"*+
)*.=*"()*+T#%*9F+
+
++
+
+

@-<$"*+]L +H>=*9+#: +(D$-:*"9+98#'-%<+<"#$%&'()*"+ 7*1*79+ -%+'*7 79+ -%+$%;#%:-%*&+?#" +'()*" +
)(C7*AB +(%&+;#%:-%*&F +
+
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Surface Water and Groundwater Interaction 
!
3)CJ%A'!2%&'C!89!A1>>15*+!A155'A&'$!&1!
KC1)5$2%&'CL!;)&!&F'!C'*%&8159F8#!89!$8JJ8A)*&!
&1!1;9'C6'!%5$!>'%9)C'G!+H8*+"*7()-#%98-=+
C*)'**%+9$":(;*+'()*"+(%&+<"#$%&'()*"+&*=*%&9+
#%+)8*+(.#$%)+#:+'()*"+(1(-7(C7*+-%+)8*+9)"*(.+
(%&+-%+7#;(7+(D$-:*"9B+(9+'*77+(9+)8*+9$C9$":(;*+
<*#7#<>F+^%&*"+%()$"(7+8>&"#7#<-;+;#%&-)-#%9B+
9#.*+9)"*(.9+<(-%+:7#'+:"#.+<"#$%&'()*"+
?@-<$"*+_Y6B+"-<8)A+(%&+#)8*"+9)"*(.9+7#9*+:7#'+)#+
<"#$%&'()*"+?@-<$"*9+_YZ+(%&+NB+"-<8)AF+H8$9B+-%+
9#.*+("*(9+?<(-%-%<+9)"*(.9A+<"#$%&'()*"+
(D$-:*"9+;(%+8*7=+9$==#")+9)"*(.:7#'+&$"-%<+&">+
'*()8*"+;#%&-)-#%9+(%&+-%+#)8*"+("*(9+?7#9-%<+
9)"*(.9A+9$":(;*+'()*"+C#&-*9+("*+-.=#")(%)+
9#$";*9+#:+"*;8("<*+)#+<"#$%&'()*"+(D$-:*"9F++
X)"*(.9+;(%+(79#+98-:)+C*)'**%+<(-%-%<+(%&+7#9-%<+
:7#'+(7#%<+)8*-"+;#$"9*9+(%&+#1*"+)-.*+'8*%+)8*+
8>&"#7#<>B+$%&*"7>-%<+<*#7#<>B+7#;(7+;7-.()*B+#"+
9)"*(.:7#'+;#%&-)-#%9+;8(%<*F++

+

@-<$"*+ _L + ?6A+ !(-%-%<+ 9)"*(.9+ "*;*-1* + '()*"+ :"#.+ )8* +
<"#$%&'()*" + 9>9)*.F+ ?ZA + R#9-%<+ 9)"*(.9+ 7#9*+ #" + (&&+
'()*"+ )#+ )8*+ <"#$%&'()*" + 9>9)*.F+ ?NA + J-9;#%%*;)*&+
9)"*(.9+ ("* + 9*=("()*&+ :"#.+ )8* + <"#$%&'()*"+ 9>9)*.+
C>+(% +$%9()$"()*&+T#%* F+

  Groundwater Movement 
+
!"#$%&'()*"+-9+<*%*"(77>+8-&&*%+:"#.+1-*'+(%&+)8*"*:#"*+-)9+="*9*%;*+(%&+.#1*.*%)+)8"#$<8+
)8*+(D$-:*"9+;(%%#)+C*+)"(;E*&+1-9$(77>F+N#77*;)-%<+(%&+*1(7$()-%<+'*77+(%&+9)"*(.Y:7#'+&()(+;(%+
="#1-&*+<##&+-%:#".()-#%+(C#$)+<"#$%&'()*"+:7#'+(%&+D$(7-)>F+K%:#".()-#%+:"#.+.$7)-=7*+
'*779+-9+$9*&+)#+&*)*".-%*+'8*"*+<"#$%&'()*"+-9+="*9*%)+(%&+'8-;8+'(>+-)+-9+:7#'-%<F++
+
6D$-:*"9+"*;8("<*+'8*%*1*"+="*;-=-)()-#%+#"+9$":(;*+'()*"+9$==7-*9+*W;**&+*1(=#)"(%9=-"()-#%F+
!"(1-)>+.#1*9+<"#$%&'()*"+('(>+:"#.+"*;8("<*+("*(9+)#'("&+%()$"(7+&-9;8("<*+("*(9F+K%+(%+
$%;#%:-%*&+(D$-:*"B+(%+-%;"*(9*+-%+'()*"+7*1*7+-9+;($9*&+C>+(&&-%<+'()*"+)#+)8*+(D$-:*"F+K%+(+
;#%:-%*&+(D$-:*"B+(%+-%;"*(9*+-%+="*99$"*+-9+)8*+"*9$7)+#:+(%+-%;"*(9*+-%+)8*+8*-<8)+#:+'()*"+-%+)8*+
"*;8("<*+("*(9F+69+)8*+(D$-:*"I9+="*99$"*+&*;"*(9*9B+)8*+7*1*7+#:+&-9;8("<*+(79#+'-77+&*;"*(9*F+++
+
H-.*+="#1-&*9+(%#)8*"+;#.=7*W-)>F+H8*+"()*+#:+.#1*.*%)+&*=*%&9+#%+(+1("-*)>+#:+:(;)#"9L+

• M>&"($7-;+;#%&$;)-1-)>B+(79#+E%#'%+(9+=*".*(C-7-)>`(+.*(9$"*+#:+8#'+.$;8+'()*"+)8*+
"#;E+;(%+)"(%9.-)+

• @7$-&+1-9;#9-)>+#"+)8*+)8-;E%*99+#:+)8*+:7$-&+
• H8*+<"(&-*%)+#"+97#=*+#:+)8*+'()*"+)(C7*+

+
G()*"+)8()+"*;8("<*9+(%+(D$-:*"+&#*9+%#)+-..*&-()*7>+9$==7>+(+=$.=-%<+'*77B+C$)+.(>+)(E*+
&(>9+)#+;*%)$"-*9+#"+.#"*+)#+"*(;8+(+'*77+9-)*F++
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@-<$"*+aL + +
H8* +:-<$"* +
- 77$9)"()*9 +

<"#$%&'()*" +
9>9)*.+"*;8("<*+

(%&+&-9;8("<*+
("*(9+(%&+

*9)-.()*9+ )-.*+
:#"+(+'()*" +

.#7*;$7*+ )# +:7#'+
(7#%<+1("-#$9 +

=()89+ :"#.+
"*;8("<* +)#+

&-9;8("<*+("*(9F + +

Groundwater Recharge 
+
b()$"(7+"*;8("<*+<*%*"(77>+#;;$"9+-%+
=*".*(C7*+9#-79B+9*&-.*%)9+(%&+:"(;)$"*&+
C*&"#;E+&$"-%<+=*"-#&9+'8*%+="*;-=-)()-#%+
*W;**&9+*1(=#)"(%9=-"()-#%+#"+'8*%+9)"*(.9+
("*+:7#'-%<F+G8*%+"(-%+:(779+:(9)*"+)8(%+-)+;(%+
9#(E+-%)#+)8*+<"#$%&B+"$%#::+#;;$"9+(%&+7-.-)9+
)8*+(.#$%)+#:+'()*"+)8()+-9+"*;8("<*&F++c)8*"+
:(;)#"9+)8()+;(%+7-.-)+"*;8("<*+-%;7$&*+)8*+
="*9*%;*+#:+8("&+9$":(;*9B+9$;8+(9+"#(&9+(%&+
&"-1*'(>9B+)8*+="*9*%;*+#:+98(77#'+;7(>+7(>*"9B+
(%&+("*(9+'-)8+(+98(77#'+'()*"+)(C7*F++K%+.(%>+
("*(9+#:+N(7-:#"%-(B+9)"*(.+;8(%%*79+)>=-;(77>+
="#1-&*+(+9-<%-:-;(%)+9#$";*+#:+"*;8("<*+)#+
<"#$%&'()*"+C(9-%9F+H8*+-&*%)-:-;()-#%+(%&+
="#)*;)-#%+#:+<"#$%&'()*"+"*;8("<*+("*(9+-9+
(%+-.=#")(%)+9)*=+-%+9$9)(-%-%<+<"#$%&'()*"+
C(9-%9F++
+
X**=(<*+:"#.+;(%(79B+9$":(;*+"*9*"1#-"9B+9*=)-;+
(%&+7*(E-%<+'()*"+9$==7>+9>9)*.9B+$"C(%+
'()*"-%<+(%&+9)#".+"$%#::+(79#+;#%)"-C$)*+)#+
"*;8("<*F+\*;8("<*+;(%+(79#+"*9$7)+:"#.+
-""-<()-%<+;"#=9F+G8*%+(==7>-%<+.#"*+
-""-<()-#%+'()*"+)8(%+(+;"#=+;(%+(C9#"C+#"+
'()*"+;(%+*1(=#"()*B+)8*+*W;*99+9-%E9+)8"#$<8+
)8*+"##)+T#%*+(%&+<"(&$(77>+"*;8("<*9+
<"#$%&'()*"F++
+
\*;8("<*+;(%+C*+*%8(%;*&+C>+=7(;-%<+'()*"+-%+
9="*(&-%<+C(9-%9+)#+=*";#7()*+-%)#+)8*+<"#$%&B+
.#&-:>-%<+9)"*(.+;8(%%*79+(%&+9$":(;*+
)#=#<"(=8>+)#+97#'+)8*+"()*+#:+"$%#::+(%&+
-%;"*(9*+-%:-7)"()-#%+#:+9)#".'()*"B+(%&+
-%9*")-%<+'()*"+-%)#+"*;8("<*+'*779F+
+
+
+
+
+
+
+
+
+
+
+
+

  Groundwater Discharge 
+
H8*+9=**&+(%&+.(%%*"+#:+<"#$%&'()*"+
.#1*.*%)+:"#.+"*;8("<*+("*(9+)#+&-9;8("<*+
("*(9+'8*"*+-)+*W-)9+)8*+(D$-:*"+?@-<$"*+aAB+
&*=*%&+#%+)8*+=*".*(C-7-)>+#:+)8*+1("-#$9+
.()*"-(79+?9*&-.*%)9B+9#-79B+"#;E9A+)8()+)8*+
'()*"+.$9)+:7#'+)8"#$<8B+)8*+8>&"($7-;+
<"(&-*%)+#:+)8*+'()*"+.#1-%<+$%&*"<"#$%&B+
8>&"($7-;+;#%&$;)-1-)>+#:+)8*+<*#7#<-;+
:#".()-#%B+(%&+)8*+;"#99Y9*;)-#%(7+("*(+#:+
)8*+(D$-:*"+?-:+)8*+(D$-:*"+-9+(+8(77'(>B+(+&##"+
:"(.*+-%+)8*+8(77'(>+-9+)8*+;"#99Y9*;)-#%(7+
("*(AF++
+
d#9)+%()$"(7+&-9;8("<*+#;;$"9+()+9="-%<9B+
9**=(<*+-%)#+9)"*(.+;8(%%*79B+'*)7(%&9+(%&+
9*(9#%(7+7(E*9+-%+&*9*")+("*(9F+K%+9#.*+
C(9-%9B+9$C9$":(;*+:7#'+-%)#+(%#)8*"+C(9-%+#"+
-%)#+)8*+#;*(%+&-9;8("<*9+9-<%-:-;(%)+
(.#$%)9+#:+<"#$%&'()*"F+M$.(%9+;(%+(79#+
9-<%-:-;(%)7>+;#%)"-C$)*+)#+&-9;8("<*+C>+
=$.=-%<+<"#$%&'()*"+:"#.+'()*"+'*779F++
+
G*)7(%&9+#"+7(E*9+;(%+:#".+'8*%+)8*+'()*"+
)(C7*+7-*9+;7#9*+)#+#"+()+)8*+<"#$%&+9$":(;*F+
H8*+'*)7(%&+.(>+&-9(==*("+-:+<"#$%&'()*"+
7*1*79+("*+7#'*"*&F+G()*"+*1(=#"()*9+:"#.+
&(.=+9#-7+.("<-%(7+)#+)8*+'*)7(%&+(%&+-9+
"*.#1*&+C>+)8*+"##)9+#:+=7(%)9F++

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
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Basin Yield 
Z(9-%+>-*7&+-9+)8*+(1*"(<*+(.#$%)+#:+'()*"+
)8()+;(%+C*+*W)"(;)*&+(%%$(77>+:"#.+(%+
(D$-:*"+#"+<"#$%&'()*"+C(9-%B+'-)8#$)+
;($9-%<+$%&*9-"(C7*+"*9$7)9B+9$;8+(9+
=*".(%*%)7>+7#'*"*&+<"#$%&'()*"+7*1*79B+
7(%&+9$":(;*+9$C9-&*%;*B+<"#$%&'()*"+
D$(7-)>+&*<"(&()-#%B+#"+&*;"*(9*&+9)"*(.+
:7#'F+G*77+=$.=-%<+.(>+1(">+(C#1*+#"+
C*7#'+)8*+7#%<Y)*".+>-*7&+&$"-%<+&"#$<8)+
#"+'*)+>*("9B+#"+(9+=(")+#:+C(9-%+
.(%(<*.*%)+=7(%9F+K:+'()*"+;#%&-)-#%9+
?="*;-=-)()-#%B+"*;8("<*B+%()$"(7+&-9;8("<*B+
=$.=-%<B+*);FA+-%+(+C(9-%+;8(%<*B+)8*+C(9-%+
>-*7&+.(>+;8(%<*F+++
+
Z(9-%+>-*7&+&#*9+%#)+*D$(7+<"#$%&'()*"+
9)#"(<*F+!"#$%&'()*"+9)#"(<*+-%+(+C(9-%+-9+
)8*+(.#$%)+#:+$9(C7*+'()*"+)8()+;(%+C*+
)*;8%-;(77>+(%&+*;#%#.-;(77>+*W)"(;)*&+
:"#.+(+C(9-%+(%&+-9+7-E*7>+)#+C*+(+1*">+7("<*+
%$.C*"+;#.=("*&+)#+)8*+>-*7&F+@#"+
*W(.=7*B+.(%>+("-&+<"#$%&'()*"+C(9-%9+
.(>+;#%)(-%+(+7("<*+(.#$%)+#:+$9(C7*+
<"#$%&'()*"+)8()+(;;$.$7()*&+:"#.+7#'+
(.#$%)9+#:+(%%$(7+"*;8("<*+#1*"+(++
9-<%-:-;(%)+)-.*+=*"-#&+?)8#$9(%&9+#:+>*("9++

#"+.#"*AF+H8*+7#'+(%%$(7+"*;8("<*+="#1-&*9+
7#'+C(9-%+>-*7&F+K:+(%%$(7+*W)"(;)-#%9+
;#%9-9)*%)7>+*W;**&+)8-9+>-*7&B+)8*+
'-)8&"('(79+'-77+"*.#1*+.#"*+
<"#$%&'()*"+)8(%+;(%+C*+"*=7(;*&+C>+
%()$"(7+"*;8("<*+?U.-%-%<+)8*+
<"#$%&'()*"V+#"+U(D$-:*"+&*=7*)-#%VAF++
+
H8*+)*".+U9(:*+>-*7&V+-9+#:)*%+$9*&+-%+
e$&-;-(7+="#;**&-%<9F+K)+-9+&*)*".-%*&+C>+
)*;8%-;(7+="#:*99-#%(79+(%&+9$C9*D$*%)7>+
-%)*"="*)*&+C>+;#$")9+)#+&*:-%*+)8*+7*<(7+
"-<8)9+)#+*W)"(;)+<"#$%&'()*"+-%+(+C(9-%F++
+
Groundwater Level Data 
and Overdraft 
J*)*".-%-%<+8#'+<"#$%&'()*"+7*1*79+
;8(%<*+-%+(%+(D$-:*"+#1*"+)-.*+"*D$-"*9+
.*(9$"*.*%)9+#:+)8*+&*=)89+)#+
<"#$%&'()*"+-%+)8()+(D$-:*"I9+'*779+?@-<$"*+
3AF+H8*+'()*"+&*=)8+.*(9$"*.*%)9+("*+
"*;#"&*&+#%+;8(")9+;(77*&+8>&"#<"(=89F+
H8*9*+.*(9$"*.*%)9+("*+)8*+.(-%+9#$";*+
#:+-%:#".()-#%+:#"+)"(;E-%<+8#'+)8*+(D$-:*"+
C*8(1*9+#1*"+)-.*+&$"-%<+=$.=-%<+(%&+

+ +
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

@-<$"*+3L +6+'()*"+'*7 7+8>&"#<"(=8+98#'-%<+)8*+ 7#%<Y)*".+;8(%<*+-%+)8*+<"#$%&'()*"+7*1*7+-%+)8*+
'*77+#1*" +) -.*F +H8-9+'*7 7+98#'9+(%+#1*"(77+&#'%'("&+;8(%<*+#:+.#"*+)8(%+32+:**) + -%+_2+>*("9B +
'-)8+9*(9#%(7+;8(%<*9 +#:+(+ :*'+:**) F +
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"*;8("<*F++
+
Q$9)+(+:*'+.*(9$"*.*%)9+("*+%#)+(&*D$()*+
:#"+$%&*"9)(%&-%<+8#'+)8*+(D$-:*"+
"*9=#%&9+)#+'()*"+$9*+(%&+"*;8("<*+(%&+)#+
.(E*+7#%<Y)*".+="#e*;)-#%9+#:+<"#$%&'()*"+
7*1*79+-%+"*9=#%9*+)#+=$.=-%<F+K%9)*(&B+
<"#$%&'()*"+7*1*7+.*(9$"*.*%)9+98#$7&+C*+
;#77*;)*&+;#%9-9)*%)7>+#1*"+(+7#%<+=*"-#&+
?&*;(&*9A+9#+)8()+;8(%<*9+-%+<"#$%&'()*"+
7*1*79+;(%+C*+(99*99*&+(%&+.(%(<*.*%)+
9)"()*<-*9+;(%+C*+&*1*7#=*&F++
+
+

c1*"&"(:)+#:+(+<"#$%&'()*"+C(9-%+#"+(D$-:*"+
#;;$"9+-:+)8*+(.#$%)+#:+'()*"+*W)"(;)*&+
*W;**&9+)8*+(.#$%)+#:+"*;8("<*+)#+)8*+C(9-%+
#1*"+(+=*"-#&+#:+.(%>+>*("9+?&$"-%<+'8-;8+
8>&"#7#<-;+;#%&-)-#%9+&#+%#)+9-<%-:-;(%)7>+
;8(%<*AF+6+<"#$%&'()*"+C(9-%+-9+-%+(+
;#%&-)-#%+#:+#1*"&"(:)+'8*%+)8*+'()*"+7*1*7+
.*(9$"*.*%)9+98#'+(+&#'%'("&+)"*%&+-%+
'()*"+7*1*79+#1*"+(+=*"-#&+#:+>*("9B+
-%;7$&-%<+'*)+>*("9F+H8*+8>&"#<"(=8+=7#)9+
'()*"+&*=)8+.*(9$"*.*%)9+:#"+(+9-%<7*+'*77+
)8()+98#'9+7#%<Y)*".+&*;7-%*+#:+)8()+'*77I9+

<"#$%&'()*"+7*1*7+?@-<$"*+3AF+K:+#)8*"+'*779+
'-)8-%+)8*+C(9-%+*W8-C-)*&+)8*+9(.*+&*;7-%*B+
)8*+C(9-%+'#$7&+7-E*7>+C*+-%+#1*"&"(:)F++
+
c1*"&"(:)-%<+<"#$%&'()*"+C(9-%9+.(>+8(1*+
9-<%-:-;(%)+%*<()-1*+;#%9*D$*%;*9B+9$;8+(9+
'()*"+D$(7-)>+&*<"(&()-#%B+9(7-%*+-%)"$9-#%B+
9$":(;*+9$C9-&*%;*B+(%&+-%;"*(9*&+;#9)9+)#+
=$.=+<"#$%&'()*"+(%&+"*=7(;*+'*779F++
+
R-.-)*&+&"#$<8)9B+#"+-9#7()*&+=*"-#&9+#:+
(C%#".(77>+7#'+"(-%:(77B+&#+%#)+;($9*+
#1*"&"(:)F+J"#$<8)9+)*.=#"("-7>+"*&$;*+)8*+
(.#$%)+#:+'()*"+(1(-7(C7*+)#+"*;8("<*+)8*+
C(9-%B+(%&+-:+=$.=-%<+"()*9+"*.(-%+)8*+
9(.*B+<"#$%&'()*"+7*1*79+#:)*%+*W8-C-)+
&*;7-%*9+&$"-%<+&"#$<8)+=*"-#&9F+H8-9+
"*&$;)-#%+-%+<"#$%&'()*"+9)#"(<*+-9+9-.-7("+
)#+)8*+7#'*"+'()*"+7*1*7+-%+(+9$":(;*Y'()*"+
"*9*"1#-"+&$"-%<+(+&"#$<8)F+G8*%+)8*+
&"#$<8)+-9+#1*"B+<"#$%&'()*"+7*1*79+#:)*%+
*W8-C-)+-%;"*(9-%<+#"+"-9-%<+)"*%&9+?(<(-%+
(99$.-%<+=$.=-%<+"()*9+"*.(-%+)8*+9(.*AB+
e$9)+7-E*+(+9$":(;*+'()*"+"*9*"1#-"F

+

@-<$"*+fL +6+'()*"+'*7 7+8>&"#<"(=8+;7*("7>+98#'-%<+ )8* +9*(9#%(7+;8(%<*9+#: +02+)#+42+ :**) +-%+)8*+
<"#$%&'()*" +7*1*7+ -%+ )8* +'*77+*(;8+>*(" F ++
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  Water Wells 
G()*"+'*779+;(%+C*+)8#$<8)+#:+(9+'-%&#'9+)#+)8*+(D$-:*"+(%&+="#1-&*+)8*+#%7>+#==#")$%-)>+)#+
;#77*;)+&-"*;)+-%:#".()-#%+#%+)8*+<"#$%&'()*"+9>9)*.F+G()*"+'*779+("*+)>=-;(77>+D$-)*+*W=*%9-1*+
)#+-%9)(77F+H8*"*:#"*B+;#77*;)-%<+8-<8+D$(7-)>+-%:#".()-#%+&$"-%<+'()*"+'*77+&"-77-%<B+;#%9)"$;)-%<+
(%&+)*9)-%<+-9+-.=#")(%)F++
+
+
 
Wells and How They Work 
+
6+'*77+-9+(+8#7*+&"-77*&+C*7#'+)8*+<"#$%&+
9$":(;*+-%)#+)8*+9()$"()*&+T#%*+?@-<$"*+gAF+
G*779+)>=-;(77>+8(1*+9;"**%9+()+-%)*"1(79+)#+
(77#'+<"#$%&'()*"+)#+:7#'+-%)#+)8*+'*77+
:"#.+)8*+.#9)+="#&$;)-1*+(D$-:*"?9AF+677+
'()*"+'*779+("*+"*D$-"*&+)#+="*1*%)+
:#"*-<%+9$C9)(%;*9+:"#.+*%)*"-%<+)8*+'*77+
(%&+)8*+(D$-:*"F+H8-9+-9+;(77*&+9$":(;*+
;#.=7*)-#%+(%&+;#%9-9)9+#:+-%9)(77-%<+
;(9-%<+(%&+9(%-)(">+9*(79F+H8*+;(9-%<+(79#+
E**=9+)8*+.()*"-(7+#:+)8*+(D$-:*"+:"#.+
:(77-%<+-%)#+)8*+'*77+(%&+="#1-&*9+9=(;*+:#"+
(+=$.=+(%&+(+:-7)*"+=(;EF+G*77+;(9-%<+
)>=-;(77>+;#%9-9)9+#:+9)**7+=-=*B+C$)+;(%+(79#+
;#%9-9)+#:+=7(9)-;+=-=*+?*F<FB+,[NA+:#"+9#.*+
(==7-;()-#%9F+H8*+.#9)+;#..#%+=$.=9+
$9*&+-%+'*779+)#&(>+("*+7-%*Y98(:)+)$"C-%*9+
(%&+9$C.*"9-C7*+)$"C-%*+=$.=9F+6+'*77+
(79#+;#$7&+C*+(%+h#=*%+8#7*h+;#.=7*)-#%+
C*7#'+)8*+9(%-)(">+9*(7+(%&+;(9-%<+(9+-%+
.(%>+C*&"#;E+'*779F+6+'*77+)8()+-9+C$-7)+
;#""*;)7>+(%&+-9+="#=*"7>+&*1*7#=*&+'-77+
%#)+-.=*&*+)8*+:7#'+#:+<"#$%&'()*"+:"#.+
)8*+(D$-:*"+-%)#+)8*+'*77+#"+(77#'+9*&-.*%)+
:"#.+)8*+(D$-:*"+)#+*%)*"+)8*+'*77F++
+
^%)-7+)8*+'*77+=$.=+-9+)$"%*&+#%B+)8*+<"#$%&'()*"+7*1*7+-%+)8*+'*77+'-77+C*+)8()+#:+)8*+7#;(7+
'()*"+)(C7*+:#"+(%+$%;#%:-%*&+(D$-:*"+#"+)8*+=#)*%)-#.*)"-;+9$":(;*+-%+(+;#%:-%*&+(D$-:*"F+G8*%+
)8*+=$.=+-9+)$"%*&+#%B+)8*+<"#$%&'()*"+-%9-&*+)8*+;(9-%<+-9+=$.=*&+)#+)8*+9$":(;*B+(%&+)8*+
'()*"+7*1*7+'-)8-%+)8*+;(9-%<+-9+7#'*"*&F+H8*+&-::*"*%;*+-%+="*99$"*+C*)'**%+)8*+'()*"+7*1*7+-%+
)8*+;(9-%<+(%&+)8*+'()*"+7*1*7+-%+)8*+(D$-:*"+;"*()*9+(+8>&"($7-;+<"(&-*%)+C*)'**%+)8*+(D$-:*"+
(%&+)8*+;(9-%<F+69+(+"*9$7)B+<"#$%&'()*"+:7#'9+:"#.+)8*+(D$-:*"+-%)#+)8*+;(9-%<+)#+"*=7(;*+)8*+
'()*"+)8()+-9+C*-%<+"*.#1*&F++
+
H8*+"()*+()+'8-;8+<"#$%&'()*"+:7#'9+:"#.+)8*+<*#7#<-;+:#".()-#%+-%)#+)8*+'*77+-9+&*)*".-%*&+C>+
)8*+=*".*(C-7-)>+(%&+9)#"(<*+;(=(;-)>+#:+)8*+(D$-:*"+.()*"-(7+(%&+*::-;-*%;>+#:+)8*+'*77+&$"-%<+
=$.=-%<+?*::*;)*&+C>+'*77+&*9-<%+(%&+;#%9)"$;)-#%AF
+

@-<$"*+gL +G()*" +'*77 +;#%9)"$;)-#%+&-(<"(.+:#"+
9(%&+#" +<"(1*7 B+E%#'%+(9+$%;#%9#7-&()*&+.()*"-( 7+
(%&+C*&"#;E+;#.=7*)-#%F +
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Managing Groundwater 
+
Legal Concepts and Groundwater Rights 
K%+N(7-:#"%-(B+)8*"*+-9+%#)+(+9)()*'-&*+
="#;*99+:#"+"*<$7()-%<+#"+=*".-))-%<+
<"#$%&'()*"F+H8*+'()*"+C*7#%<9+)#+)8*+
9)()*+C$)+="#=*")>+#'%*"9+8(1*+(+"-<8)+)#+
$9*+)8*+'()*"+C*%*()8+)8*-"+7(%&+#%+)8*-"+
7(%&B+'-)8+)8*+9)-=$7()-#%+)8()+)8*>+=$)+)8*+
'()*"+)#+"*(9#%(C7*+(%&+C*%*:-;-(7+$9*9+(%&+
&#+%#)+'(9)*+-)F+677+'*779+.$9)+C*+-%9)(77*&+
C>+(+N(7-:#"%-(+9)()*+7-;*%9*&+&"-77*"F+
+
G-)8+-.=#")(%)+*W;*=)-#%9B+(+="#=*")>+
#'%*"+8(9+)8*+U#1*"7>-%<V+?U;#""*7()-1*VA+
"-<8)+)#+-%9)(77+(+'*77+(%&+9)(")+=$.=-%<+)8*+
<"#$%&'()*"F+OW;*=)-#%9+-%;7$&*+7*<(7+
(;)-#%9+)8()+&*)(;8+)8*+"-<8)+)#+=$.=+
<"#$%&'()*"+:"#.+)8*+#1*"7>-%<+="#=*")>B+

(%&+(&e$&-;()-#%+#:+(+'8#7*+<"#$%&'()*"+
C(9-%F+K%+(&&-)-#%B+9#.*+;-)-*9+8(1*+T#%*&+
("*(9+)#+&-9(77#'+'*779B+-%+"*)$"%+(<"**-%<+
)#+9$==7>+;-)>+'()*"+)#+)8#9*+T#%*9F+
6=="#="-()-1*+<"#$%&'()*"+"-<8)9+(==7>+)#+
7(%&#'%*"9+)8()+*W)"(;)+'()*"+:#"+$9*+#%+
%#%Y#1*"7>-%<+7(%&B+9$;8+(9+:#"+=$C7-;+'()*"+
9$==7>F+6=="#="-()-1*+<"#$%&'()*"+"-<8)9+
"*:*"+)#+<"#$%&'()*"+)8()+-9+9$"=7$9+)#+
#1*"7>-%<+7(%&#'%*"9+?9$"=7$9+.*(%9+
<"#$%&'()*"+%#)+C*-%<+$9*&+C>+#1*"7>-%<+
<"#$%&'()*"+$9*"9+(%&+%#)+-%+*W;*99+#:+)8*+
9(:*+>-*7&AF+6=="#="-()-1*+"-<8)9+("*+:-"9)+-%+
)-.*Y:-"9)+-%+"-<8)+(%&+("*+e$%-#"+)#+
#1*"7>-%<+<"#$%&'()*"+"-<8)9F++

K:+;#%)*%&-%<+'()*"+$9*"9+-%+(+<"#$%&'()*"+
C(9-%+;(%%#)+"*9#71*+)8*-"+-99$*9B+(%&+#%*+
#"+.#"*+-%&-1-&$(79+=$"9$*+"*9#7$)-#%+
)8"#$<8+(+7('9$-)B+)8*+"*9$7)+.(>+C*+
(&e$&-;()-#%F+G8*%+(+C(9-%+-9+$%&*"+
(&e$&-;()-#%B+;#$")9+*9)(C7-98+)8*+9(:*+>-*7&+
#:+)8*+C(9-%+(%&+&*;-&*+8#'+.$;8+*(;8+
-%&-1-&$(7+'()*"+$9*"+;(%+*W)"(;)+(%%$(77>F+
H8*+="#;*99+;(%+)(E*+(+7#%<+)-.*+&$*+)#+)8*+
%$.C*"+#:+=(")-*9+-%1#71*&B+<*%*"(7+7(;E+#:+
e$&-;-(7+*W=*"-*%;*+-%+'()*"+7('+(%&+
9;-*%;*B+(%&+N(7-:#"%-(I9+7(;E+#:+9=*;-(7+
'()*"+;#$")9F+
+
^%&*"+(+N(7-:#"%-(+7*<(7+&#;)"-%*B+)8*+9)()*+
.(>+"*D$-"*+=*".-)9+:#"+'-)8&"('-%<+
<"#$%&'()*"+-%+("*(9+&*)*".-%*&+)#+C*+-%+
&-"*;)+;#%%*;)-#%+'-)8+(%+(&e(;*%)+9$":(;*+
9)"*(.+#"+"-1*"F+K%+)8#9*+;(9*9B+)8*+9)()*+

.$9)+=*":#".+(+9)$&>+-%1#71-%<+
<"#$%&'()*"+*W=*")9+(%&+*%<-%**"9+)#+
&*)*".-%*+()+'8()+&-9)(%;*+)8*+
<"#$%&'()*"+"*.(-%9+U$%&*"+)8*+-%:7$*%;*V+
#:+)8*+9$":(;*+'()*"F+
+
!"#$%&'()*"+-9+(+U;#..#%+=##7V+"*9#$";*+
C*;($9*+.(%>+$9*"9+*W)"(;)+'()*"+:"#.+
9-%<7*+(D$-:*"9+(%&+.$7)-Y(D$-:*"+C(9-%9F+K:+
)8*+;#.C-%*&+"()*+#:+*W)"(;)-#%+*W;**&9+)8*+
"*;8("<*B+<"#$%&'()*"+7*1*79+'-77+&*;7-%*B+
'8-;8+)*%&9+)#+-%;"*(9*+=$.=-%<+;#9)9+(%&+
#"+%**&+:#"+'*77+"*=7(;*.*%)F+!"#$%&'()*"+
&*;7-%*9+;(%+"(-9*+("<$.*%)9+#1*"+U)8-"&+
=(")>+-.=(;)9FV+H8*9*+("<$.*%)9+;(%+
;#%)-%$*+:#"+.(%>+>*("9+(%&+*1*%+&*;(&*9F+
H8*9*+;#9)7>+7*<(7+C())7*9+-%1#71*+7#)9+#:+
*W=*")9B+())#"%*>9B+(%&+.$7)-=7*+9)$&-*9F

"#$%!2'(%*!5%0-.6&!(-!($%!&('(%!5)(!/*-/%*(7!-2.%*&!$'8%!'!*16$(!(-!)&%!($%!
2'(%*!5%.%'($!($%1*!0'.+9!21($!($%!&(1/)0'(1-.!($'(!($%7!/)(!($%!2'(%*!(-!

*%'&-.'50%!'.+!5%.%:1;1'0!)&%&!'.+!+-!.-(!2'&(%!1(3<!
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Possible Groundwater Planning Options  
+
!"#$%&'()*"+=7(%%-%<+(%&+.(%(<*.*%)+="#<"(.9+-%)*<"()*+(;)-#%9+(-.*&+)#+(;8-*1*+)8*+7#%<Y
)*".+9$9)(-%(C-7-)>+#:+)8*+"*9#$";*B+'8-;8+-9+#:)*%+#:+$%E%#'%+D$(%)-)>B+D$(7-)>B+"*;8("<*+(%&+
$9*F++
+
+
+

No Groundwater Planning  
K<%#"-%<+=#)*%)-(7+'()*"+9$==7>+-99$*9+#:)*%+"*9$7)9+-%+7('9$-)9B+7*(&-%<+)#+7*%<)8>+(%&+
;#9)7>+(&e$&-;()-#%F+O1*">#%*+7#9*9+)8*-"+'()*"+"-<8)9+(%&+)8*+;#$")9+&*;-&*+'8#+-9+
*%)-)7*&+)#+=$.=+(%&+8#'+.$;8F+
+
+
Status Quo 
G-)8+)8*+9)()$9+D$#B+7#;(7+(<*%;-*9+9*=("()*7>+=7(%+="#e*;)9+'-)8#$)+;##"&-%()-#%+#"+
;##=*"()-#%F+N#.="*8*%9-1*B+-%)*<"()*&+=7(%%-%<+-9+7(;E-%<F+X)(E*8#7&*"+-%1#71*.*%)+-9+
$9$(77>+(C9*%)F+H8*+U8(%&9+#::V+9)()$9+D$#+;(%+)8"$9)+("*(9+-%)#+;#$")+-:+7#;(7+
9)(E*8#7&*"9+C*;#.*+'#""-*&+(C#$)+)8*-"+'()*"+9$==7>F+
+
+
Develop a Plan 
J*1*7#=-%<+(+;#.="*8*%9-1*+<"#$%&'()*"+.(%(<*.*%)+=7(%+-9+C*9)+(&&"*99*&+'-)8+
C"#(&+9)(E*8#7&*"+=(")-;-=()-#%F+K%+.(%>+;(9*9B+(+9)(E*8#7&*"+(99*99.*%)+-9+)8*+:-"9)+
9)*=+:#"+)*9)-%<+)8*+'()*"9B+*W=7#"-%<+)8*+=$C7-;I9+E%#'7*&<*+(C#$)+<"#$%&'()*"+-99$*9+
(%&+&*)*".-%-%<+-:+)8*>+("*+"*(&>+(%&+'-77-%<+)#+=(")-;-=()*F+
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+

6+MC1)5$2%&'C!N%5%K'>'5&!B*%5+;(%+C*+98#")+#"+7#%<B+;#.=7*W+#"+"*7()-1*7>+9-.=7*B+(%&+
;#%9-9)9+#:+)8*+:#77#'-%<+C(9-;+*7*.*%)9L+

• M1%*9!%5$!>%5%K'>'5&!1;O'A&86'9+/+*W(.=7*9+9$;8+(9+9$9)(-%-%<+)8*+"*9#$";*+:#"+
:$)$"*+<*%*"()-#%9B+.(-%)(-%-%<+#"+9)(C-7-T-%<+<"#$%&'()*"+7*1*79B+="#)*;)-%<+'()*"+
D$(7-)>B+*%8(%;-%<+#"+.(-%)(-%-%<+%()-1*+*;#9>9)*.9B+*);F+

• BC1#19'$!%A&8159+)#+.**)+)8*+#Ce*;)-1*9+)>=-;(77>+-%;7$&*+(+.#%-)#"-%<+="#<"(.+(%&+
*1(7$()-#%9B+9#.*+#"+(77+)8*+1#7$%)(">+;#.=#%*%)9+9*)+#$)+$%&*"+6Z5252B+(%&+)8*+
.(%&()#">+;#.=#%*%)9+$%&*"+XZ0g5fF+K%;7$&-%<+)8*9*+*7*.*%)9+="#1-&*9+*7-<-C-7-)>+
:#"+9)()*+:$%&9F+

• E8>'!9AF'$)*'!%5$!;)$K'&!)#+-.=7*.*%)+)8#9*+(;)-#%9B+9$;8+(9+'()*"Y7*1*7+
.#%-)#"-%<B+&()(+.(%(<*.*%)+(%&+*1(7$()-#%B+(%&+"*<$7("+"*=#")-%<+(%&+"*1-*'F+

• N158&1C85K!1J!%!KC1)5$2%&'C!;%985+-%1#71*9+.*(9$"-%<+'()*"+7*1*79+(%&+;#77*;)-%<+
=*"-#&-;+'()*"+9(.=7*9+:"#.+(+;"#99+9*;)-#%+#:+'*779+-%+)8*+C(9-%B+)#+$%&*"9)(%&+
9*(9#%(7+(%&+7#%<Y)*".+)"*%&9+-%+<"#$%&'()*"+7*1*79+(%&+*1(7$()*+'()*"+D$(7-)>F+
N#77*;)-%<+)8-9+E-%&+#:+&()(+&#*9+%#)+"*D$-"*+.#%-)#"-%<+*1*">+'*77+-%+)8*+C(9-%F+
K&*(77>B+(+9.(77+=#")-#%+#:+9)(E*8#7&*"+'*77+#'%*"9+1#7$%)**"+)#+(77#'+.#%-)#"-%<+#:+
'*779+#%+)8*-"+="#=*")-*9F!

Institutional Authority/Management Structure under a Groundwater Plan 
!
H8*+1("-*)>+#:+-%9)-)$)-#%(7P.(%(<*.*%)+#=)-#%9+-%;7$&*L+

• P11C$85%&'$!QKC''>'5&9!/+;(%+="#1-&*+'"-))*%+)##7+:#"+9)$&-*9+(%&+&*1*7#=.*%)+#:+
(+<"#$%&'()*"+C(9-%+.#&*7B+e#-%)+;(=-)(7+="#e*;)9B+(%&+e#-%)+#=*"()-#%(7+=#7-;-*9F+b**&+
$%(%-.#$9+(<"**.*%)+C*)'**%+=(")-*9B+(%&+;(%+)(E*+9-<%-:-;(%)+)-.*F+

• P%*8J1C58%!MC1)5$2%&'C!N%5%K'>'5&!B*%5585K!QA&!RQH/-/-S+/+7#;(7+(<*%;>+
<"#$%&'()*"+.(%(<*.*%)i+=*".-99-1*+7*<-97()-#%+:#"+(<"**.*%)9+C*)'**%+=$C7-;+(%&+
="-1()*+=(")-*9i+;#%1*>9+=#'*"9+#:+(+"*=7*%-98.*%)+&-9)"-;)F+Z(9*&+#%+1#7$%)(">+
;##=*"()-#%+(.#%<+9)(E*8#7&*"+-%)*"*9)9F+

• M'5'C%*!QA&!T89&C8A&9+/+-%&-"*;)7>+.(%(<*&+)8"#$<8+(99*99.*%)9+(%&+-%;*%)-1*9i+%#+
($)8#"-)>+)#+"*<$7()*+#"+7-.-)+*W)"(;)-#%9F+,#)*%)-(7+:#"+#%7>+7-.-)*&+e$"-9&-;)-#%+#1*"+
)8*+<"#$%&'()*"+C(9-%F+

• :%&'C!@'#*'589F>'5&!T89&C8A&9!/+;(%+#C)(-%+9$==7*.*%)(7+'()*"+9$==7-*9+)#+&-"*;)7>+
#"+-%&-"*;)7>+"*=7*%-98+#1*"&"(:)*&+<"#$%&'()*"+C(9-%9F+X#.*+8(1*+'()*"+D$(7-)>+
($)8#"-)>F+

• 3#'A8%*!QA&!T89&C8A&9+/+=#'*"9+(%&+#"<(%-T()-#%+;$9)#.-T*&+:#"+(%+("*(I9+9=*;-:-;+
-99$*9B+=#7-)-;(7B+(%&+)*;8%-;(7+;8("(;)*"-9)-;9i+<*%*"(77>+*.=#'*"*&+)#+;#%&$;)+
9)$&-*9B+"*<$7()*+*W)"(;)-#%9B+(%&+"*=7*%-98+*W)"(;)*&+9$==7-*9F+

• P8&+!%5$!P1)5&+!B12'C9!/+;#.="*8*%9-1*+#"+<*%*"(7+=7(%9i+=#7-;*+=#'*"+"*<$7()-#%i+
.(%(<*.*%)+)8"#$<8+<"#$%&'()*"+#"&-%(%;*i+9*(.7*99+;##"&-%()-#%+'-)8+6Z5252+
,7(%9F+

• Q$O)$8A%&815!%5$!BF+98A%*!31*)&815!/+*W*")9+#$)9-&*+;#%)"#7+#1*"+'()*"+*W)"(;)-#%i+
;(%+;"*()*+;#.="*8*%9-1*+=8>9-;(7+9#7$)-#%+:#"+C(9-%+.(%(<*.*%)i+;#$")+&*;-&*9+(9+(+
"*9$7)+#:+(+7('9$-)F+!*%*"(77>+)-.*+;#%9$.-%<+(%&+1*">+*W=*%9-1*i+-%&*:-%-)*7>+
;#%)-%$-%<+e$"-9&-;)-#%+(%&+'()*"+.(9)*"+(&.-%-9)"()-#%+#:+:-%(7+e$&<.*%)9i+(%&+
.#&-:-;()-#%+)#+e$&<.*%)+"*D$-"*9+<#-%<+C(;E+)#+;#$")9F+
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Groundwater Management Planning in California 
+
6=="#W-.()*7>+0_2Y422+<"#$%&'()*"+.(%(<*.*%)+=7(%9+8(1*+C**%+&*1*7#=*&+9$;;*99:$77>+-%+
)8*+9)()*F+O(;8+C(9-%+8(9+$%-D$*+%**&9B+9*))-%<B+#Ce*;)-1*9B+(%&+(;)-#%9+=7(%%*&F+d(%>+#:+)8*9*+
="#<"(.9+="#1-&*+#%7>+:#"+"*=#")-%<+#:+.*(9$"*&+'()*"+7*1*79+(%&+7-.-)*&+'()*"+D$(7-)>B+(%&+&#+
%#)+"*;#"&+)8*+'()*"+1#7$.*9+*W)"(;)*&+?=$.=(<*AF+c)8*"+C(9-%9B+(%&+="-%;-=(77>+(&e$&-;()*&+
C(9-%9B+&#+"*D$-"*+=$.=(<*+"*=#")-%<F+X)-77+#)8*"+C(9-%9B+9$;8+(9+)8*+X#%#.(+[(77*>+
<"#$%&'()*"+.(%(<*.*%)+=7(%B+8(1*+#=)*&+:#"+1#7$%)(">+.#%-)#"-%<+="#<"(.9F+K)+-9+$=+)#+)8*+
9)(E*8#7&*"9+'8#+&*1*7#=+)8*+=7(%+)#+&*;-&*+8#'+)#+C*9)+.(%(<*+)8*-"+C(9-%F+
+
Groundwater Management Planning: Pros & Cons 
 
:8&F!N%5%K'>'5&!U!H'5'J8&9! ! :8&F1)&!N%5%K'>'5&!U!T%5K'C!

Ensure long-term viability of the 
groundwater aquifer  

 
 

Possible permanent damage to aquifer 
 

 Maintain water quality 
 
 
 

Poor groundwater quality due to 
accelerated geothermal upwelling and 
concentration of total dissolved solids in 
older water 

Prevent aquifer depletion and stabilize 
groundwater levels  Declining basin groundwater levels over 

time 

Ensure safe drinking water   Increased water treatment costs 

Meet existing and future water demands  Drilling deeper wells at greater expense 

Diversify supply with conjunctive use  Potential land subsidence 

Stakeholders decide and agree on 
groundwater management and maintain 
local control 

 
 

Potential legal battles or adjudication for  
management control 

Coordinate with and support creek 
restoration efforts  Decreased flows for creeks  

Sustain groundwater quantity and 
quality for future generations through 
groundwater management  

 
 
 

Uncertain quality and quantity of 
groundwater in the future without 
groundwater management 

Increased opportunity for state funding 
for water projects  Increased pumping costs 

+

M
anaging G

roundw
ater 


